The vast majority of households in rural Viet Nam undertake agricultural activities and for many this is their main livelihood. Moreover, this agriculture has become increasingly commercialized over time. This paper uses the five wave VARHS balanced panel data set to analyse three aspects of this commercialization: the likelihood of (1) selling rice (the dominant crop); (2) growing cash crops; and (3) engaging in aquaculture. A panel regression analysis identifies factors commonly associated with a more commercial orientation, with important factors including land size, the nature of cultivation, access to infrastructure, and receipt of credit.
Introduction
Without doubt, a key part of Viet Nam's economic transformation over the past 30 years has been the substantial progress made in agriculture. The main crop grown in Viet Nam has always been rice, and with the economic transformation, originating from the launch of the Doi Moi reforms in 1986, the country switched from being a net importer to a substantial net exporter of rice. At the same time Viet Nam has become much more involved in the cultivation of cash crops, notably coffee, and fishery products are also an area of export growth. To some extent, these activities take place at the household level.
The VARHS survey allows a detailed analysis of the role played by households in these different activities, and the panel feature of the data allows the dynamics of this role to be investigated over the period 2006-14. The large majority of households interviewed in the VARHS survey earn at least some of their income from agriculture, even if over time non-agricultural livelihoods are becoming increasingly more important, as expected with economic development. Although in several provinces wage earnings have overtaken agriculture as the main source of income, most households still have some income from agriculture or natural-resource-based activities. In provinces in the Central Highlands and Northern Uplands, agriculture remains the dominant activity.
The VARHS survey collects detailed information on the agricultural activities undertaken by households: the crops grown and sold, livestock activities, land use including engagement in aquaculture, and use of inputs, among other things. This material enables a substantial and detailed analysis of these issues. This paper is only a start at this, presenting a largely descriptive approach to look at households' engagement in three important areas of activity: rice cultivation, production of cash crops, and engagement in household-level aquaculture activities. Since most households grow rice, the paper focuses on commercialization seen through sale of rice. In addition, fisheries production in this paper consists principally of aquaculture, being all deliberate activities undertaken by households on their own land; quite a few households also catch fish products from common property resources, on which information is also available, but this is not examined here.
Again, the analysis is based on the 2,162 households included in the five-wave panel between 2006 and 2014, looking in particular at the extent to which households cultivating rice sell it and on what scale. For most households engaged in agriculture, rice commercialization is a dominant income source. For cash crops and aquaculture, the outputs are sold almost by definition. The interest here is on modelling the correlates of households engaging in these activities. In practice, much of the analysis compares the five cross sections that make up the panel data set, but we also exploit the panel feature of the data to look at the dynamics of these activities over time.
The rest of this paper is structured as follows. Section 2 briefly reviews some relevant literature, after which Section 3 provides an introduction to the extent of household participation in these activities. Section 4 examines patterns of engagement in rice cultivation and sales, cash crops, and aquaculture by geographic region and income quintile, following which Section 5 exploits the panel to examine among other things, the extent of consistency of these activities over time at the household level. An econometric analysis of correlates of engagement in these different commercial activities is presented in Section 6, after which Section 7 concludes.
Some relevant literature
This paper relates to the growing literature that examines the determinants of small farmer participation in commercial activities in agrarian economies. Much of this literature focuses on food crops, which households often produce for their own consumption but may also choose to sell. This literature has sought to understand primarily the role of transaction costs and market failures in smallholder decision-making. Differential asset endowments, together with differential access to public goods and services that facilitate market participation, are identified as key factors underlying heterogeneous market participation among smallholders (Key et al. 2000; Barrett 2008) . Differences in transaction costs across households are also important determinants of market participation: each household faces some fixed time and monetary costs in searching for available marketing options, and if high enough these costs, invariant to the quantity transacted, may prevent market participation altogether. According to Goetz (1992) , transaction costs affect market participation behaviour through the labour-leisure choice: thin markets make it costly (i.e. time consuming) to discover trading opportunities. Similarly, poor market access due to lack of transport, distance, and/or barriers such as ethnicity or language increases households' cost of observing market prices to make transaction decisions, thus reducing households' leisure time (Goetz 1992) .
For staple food markets in particular, another important factor influencing the participation decision is risk, and household attitudes towards it. Households concerned about their own food security and facing a high degree of price and non-price risk, especially in the presence of missing or imperfect credit and insurance markets, may choose not to sell in the attempt to ensure that own consumption requirements can be met. On the other hand, lack of liquidity resulting from the absence of alternative income sources and credit may also force households to sell rice to generate cash in order to meet other non-food expenditures.
The determinants of smallholder participation in agricultural markets have been investigated empirically mainly in the context of sub-Saharan Africa. These studies identify strong positive associations between market participation and: (1) household assets (especially land, but also livestock, labour, and equipment) and income; 1 (2) access to credit and insurance; 2 (3) input use and access to extension services; 3 and (4) low levels of transaction costs, including transport costs and information costs. 4
The literature on aquaculture is significantly less developed than it is in relation to selling of food crops or the choice to engage in cash crop production, but similar factors are likely to be as relevant here as in the case of cash crops.
With respect to Viet Nam, Rios et al. (2009) find that households with higher productivity tend to participate in agricultural markets regardless of market access factors (e.g. distance to roads or quality of transport networks). Such a finding suggests that programmes targeted at improving poorer households' productive capital, and other assets, have the potential to increase both productivity and market participation, while investments in market access infrastructure seem to 3 be relatively less of a priority (Rios et al. 2009 ). It seems then that already in the early 1990s, Viet Nam had much better coverage of basic rural infrastructure in most regions compared to countries with similar levels of income (Aksoy and Isik-Dikmelik 2007) .
This analysis draws and builds on prior analyses by the authors of some of these issues based on earlier waves of the VARHS survey (McCoy et al. 2010; Cazzuffi et al. 2011; Cazzuffi and McKay 2012) . However, these studies also addressed more detailed issues not considered here for lack of space, for example the channels used to sell rice (Cazzuffi and McKay 2012) or the analysis of open access fisheries (McCoy et al. 2010) .
Agricultural activities in the VARHS panel
In the VARHS panel data set, 100 per cent of households in 2006 reported income from crops, livestock, or aquaculture as one or more sources. This proportion fell gradually over time but in 2014, 86.4 per cent of households reported positive income from one or more of these sources. This reinforces the point made in the introduction about the importance of agricultural or aquaculture activities for almost all households.
Figure 1 reports some summary statistics relating to these three activities for households included in the five-wave panel, treating the different waves as separate cross sections for now. A large majority of households grows rice in each of the years. The proportion does decline gradually over time but even by 2014; more than 65 per cent of households grow rice in at least one of their plots. Rice is a dominant consumption commodity in Viet Nam as well as a very important export; in addition, the authorities often require households to grow rice on some plots. Further, most locations covered by the survey are very suitable for rice cultivation.
The next set of columns in the figure relates to the proportion of rice-growing households who sell some of their output. Starting out from nearly 50 per cent of households in 2006, participation in rice sales shows a consistently increasing trend over time. While fewer households may be growing rice between 2006 and 2015, an increasing proportion of these are selling. This latter effect outweighs the former, such that the absolute numbers who sell show an increase. The survey also reports on channels of sales, the most important channels being sales to traders or sales to other individuals or households. Channels vary by province and unsurprisingly the scale of sales reflects the channel used. The following bars of Figure 1 report on the average proportion of the harvest sold, which again shows an upward trend over time.
The first years of the panel were a period where the rice price increased significantly, but the extent of commercialization according to these two indicators has continued to increase since, even though the rice price has fallen. This increasing commercialization takes place alongside continued increases in rural household income over this period (see McKay and Tarp 2015) .
The remaining groups of columns in Figure 1 relate to the extent of household engagement in cash crop production and in aquaculture activities on their own land. A small minority of households participate in these activities and, in the case of aquaculture at least, there may be a declining trend. But the choice to undertake these activities is a significant investment by households and climatic and other conditions need to be appropriate. The dominant cash crop cultivated by households in the survey is coffee, which is grown predominantly in the Central Highlands provinces. Other cash crops include tea, cocoa, cashew nut, sugarcane, pepper, and rubber. Around 10 per cent of households earn some income from aquaculture, an activity that requires a significant investment in order to convert one or more of their plots into a pond; this can also be a relatively labour-intensive activity and with an uncertain return from one year to another.
What is clear from this initial introductory analysis is the importance of agricultural activity, especially rice, for households and the extent of engagement in sales for a majority of these households. That in itself is a signal of the success with which these activities have been conducted in rural Viet Nam. However, the analysis to date is only conducted at an aggregate level and does not exploit the panel features of the data set; the remainder of this paper now analyses these three activities separately and in more detail.
Rice cultivation and sales, cash crops, and aquaculture in rural Viet Nam
While the role of rice as a dominant crop in Viet Nam has been stressed above, Table 1 shows variations in its importance by province and by household income quintile. The numbers of households cultivating rice are very high in the three northern upland provinces (Lai Chau, Dien Bien, and Lao Cai) and do not fall over time. Typically 90 per cent or more of households grow rice there. By contrast in Dak Nong and Lam Dong in the Central Highlands and in Khanh Hoa, relatively few households grow rice. The remaining provinces lie in-between these extremes. In a number of these provinces such as Ha Tay and Quang Nam the proportion of households growing rice is falling over time. In these locations non-agricultural activities, notably wage work, become increasingly important over time (see McKay and Tarp 2015) . Looking by income quintiles, it is clear that rice cultivation is higher in lower quintiles than in higher ones, though the numbers cultivating rice remain substantial in the fifth quintile. In the higher income quintiles, more non-agricultural opportunities exist, reflecting both their more urbanized nature and higher levels of development. To some extent, the quintile pattern correlates with the geographic pattern: the northern upland provinces referred to above are disproportionately found in the lower income quintiles.
The geographic disaggregation of the proportion of rice growers selling their output is presented in Table 2 , showing the very high market engagement in the Long An province in particular. While between 55 per cent and 70 per cent of rural households in this province grow rice, almost all of them sell. The Long An province is very much the commercial heartland of Viet Nam. Many households there grow and sell on quite a large scale and they have the major advantage of being very close and well connected to a highly concentrated population in Ho Chi Minh City and elsewhere. When these households choose to grow rice they almost all aim to sell and as it can be seen in Table 3 , they also sell by far the highest proportion of their output.
Rates of sales are much lower in other provinces, not least in the Northern Uplands provinces seen above where most households grow rice. It is clear that many of these households are not able to produce enough to be able to sell on a consistent basis; they also have significantly greater difficulty in getting access to buyers. A similar point is true of Phu Tho where again many households grow rice. Although this province has much easier access to Hanoi and bigger urban centres than the Northern Uplands provinces, still relatively few rice growers sell. This clearly reflects the scale of production plus the greater importance of market access to participate in rice commercialization. Among the other provinces, Quang Nam, Dak Lak, and Khanh Hoa are provinces with relatively high proportions of rice growers engaged in sales.
The geographic distribution of the proportion of output sold is shown in Table 3 . In almost all provinces, except Long An, households are selling a minority, and often a small minority, of their output. It is quite clear that rice cultivation and commercialization is radically different in Long An compared to the other provinces. The proportions sold are particularly low in the Northern Uplands provinces as well as in Phu Tho, Dak Nong, and Lam Dong; this is partly accounted for in some cases by the small proportion of households selling, and in other cases by a relatively small scale of production. The proportion of output sold generally increases with the income quintile, though again this partly reflects the geographic distribution of the provinces, with Long An being disproportionately represented in the higher quintiles.
Both rice cultivation and sales can of course fluctuate from one year to the next, an issue that will be explored in the next section using the panel. For now, we examine patterns of household engagement in cash crops and in aquaculture. Tables 4 and 5 report the percentage of households engaged in these activities by province and quintile, and these tables again show some quite distinct patterns. In particular cash crops are predominantly grown in the Central Highlands provinces of Dak Lak, Dak Nong, and Lam Dong, with the dominant part of this being coffee cultivation. Cash crop cultivation is much lower elsewhere, and almost non-existent in the provinces of Ha Tay, Dien Bien, Quang Nam, and Long An. In general, households in higher quintiles are more likely to be engaged in cash crop cultivation even if the relationship is less strong in 2014.
The highest incidence of aquaculture is observed in the Dien Bien province; depending on the year, between one-third and one-half of households report income from this activity. Reasonable numbers of households in Lao Cai, Phu Tho, and Long An also report earnings from aquaculture. Elsewhere the proportions are lower.
Using the panel to look at production and sales dynamics
To date, the analysis has been entirely based on comparisons between the repeated cross sections in the panel data set, but looking at dynamics helps identify the extent to which behaviour varies over time or is consistent from one period to another. The panel data are exploited here by looking at the extent to which households engage in these activities, growing rice, selling rice, growing cash crops, and earning from aquaculture, in all years (Table 6 ). Those not engaged in these activities in any of the five years are also included in these data. The patterns vary by province and quintile in much the same way that the number of households growing rice do; in most locations those that grow rice do so consistently year-on-year.
In relation to rice sales, Long An has by far the highest number of households who sell each year in the panel; not only do many households sell and sell a high proportion of their output, they also tend to do so every year. The number of consistent sellers is much smaller elsewhere, but this also reflects the lower numbers of people selling in any of the cross sections.
The numbers that consistently grow cash crops are not much lower than the numbers reported in the cross section. This reflects the fact that much of these cash crops are tree crops and therefore a long-term commitment. As in the cross section, the numbers are highest by far in the Central Highlands provinces. On the other hand, the same is not true for aquaculture; here the numbers with consistent earnings are consistently lower than the numbers in the cross section, suggesting that there is quite a lot of variability from one wave to the next. This may reflect households starting and stopping the activity, but it may also reflect major shocks in particular years leading to a loss of earnings from this source.
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In-depth analysis of determinants of commercialization
Three different forms of commercialization have been considered in this paper: the choice by a household to sell some of the rice it produces, the choice to grow cash crops, and the choice to engage in aquaculture. Some initial descriptive analysis of the types of patterns of commercialization by location and income quintile have been presented above, but here we turn to a more detailed analysis of the characteristics of households choosing to participate in these forms of commercialization. This starts with further descriptive analysis but then progresses to multivariate analysis of the decision by rice-growing households to sell some of their output. Following this, we present a brief but similar analysis of the factors associated with households growing cash crops or engaging in aquaculture activities.
Comparing rice growers who sell and those who do not (Table 7) , the striking difference between those selling and those who do not is that the former cultivate larger areas of land, spend much more on inputs, and are less likely to be poor according to the Ministry of Labour, Invalids and Social Affairs (MOLISA) classification. These differences are true in every year. Unsurprisingly, those households selling rice report much more agricultural income but not necessarily much higher income overall. Interestingly, those selling rice are further away from roads on average, though this does not stop them selling; many households sell to traders. Other differences such as household characteristics, group membership, and use of other inputs are much less striking or are less consistent across the different waves.
When it comes, however, to cash crops (Table 8) , households cultivating these crops have substantially higher incomes (and agricultural incomes) on average than those who do not, although interestingly they are not systematically any less likely to be poor. It is clear that some households benefit substantially from growing cash crops, but many others do not. Those growing cash crops cultivate much bigger areas on average, spend much more on inputs overall (although less on inputs specifically for rice) and are more likely to have accessed credit. But in other respects there are not many other systematic differences between cash crop growing farmers and those not cultivating cash crops. Looking at aquaculture (Table 9 ), those engaged in this activity earn more from agriculture (which includes aquaculture) and more income overall, they also cultivate larger areas. They also spend more on rice inputs showing that many households combine aquaculture with rice cultivation. In addition, those engaged in aquaculture are more likely to have borrowed. In other respects the differences are less apparent.
We turn now to modelling the determinants of these different activities: selling rice (for those producing), cultivating cash crops and engagement in aquaculture, exploiting the balanced panel data set. In each case the outcomes are zero-one variables; these outcomes for the panel households are modelled as a function of household characteristics in the same time period, using either a linear probability model or a probit model. Table 10 shows the outcomes for the agricultural variables. The first model is estimated based on the pooled data set and including district level fixed effects. The second and third model exploit explicitly the panel features, the former using a linear probability model and household level fixed effects, and the latter a probit model with household level random effects as well as province level fixed effects. As some of the explanatory variables here are liable to be endogenous, these models should be interpreted in terms of showing association rather than causality.
In each of the three models, households, which sell rice are likely to cultivate larger areas, are likely to have more of their area irrigated, are likely to use hybrid seed and to hire more labour, are more likely to have received extension support, and are more likely to have market in their commune. Unsurprisingly larger and poor households are less likely to sell, but more surprisingly, Kinh households and households who speak Vietnamese are also less likely to sell in these models. Apart from the last findings, these results are quite intuitive in terms of explaining who is likely to sell rice in Viet Nam. These results are relatively consistent across the three modelling approaches.
Fewer strong correlates are identified for the likelihood of growing cash crops. There is a strong geographic effect here, with cash crops being cultivated much more in the Central Highlands provinces (coffee especially) compared to the others included in the VARHS sample. Larger land area is associated with a higher likelihood to grow cash crops, and those growing cash crops are much more likely to have received credit (though this may be precisely a consequence of them choosing to grow cash crops). The third model shows a positive association between being of Kinh ethnicity and growing cash crops, though this is not evident in the other models. And there is weak evidence that those with their own means of transport are more likely to grow cash crops, a factor, which also had a similarly weakly significant influence in the previous models on the likelihood of selling rice.
Equivalent models for the likelihood of engaging in aquaculture are presented in Table 11 . Here land area, receipt of credit, being literate, and being a male-headed household are all positively associated with engagement in aquaculture. Larger households are also significantly more likely to undertake aquaculture, an activity with high labour requirements. Poor households are less likely to be involved in aquaculture. It was already noted above that those engaged in aquaculture are typically better off than average. Analysis of the data shows that the return, in terms of income earned per unit time spent, is higher on average in aquaculture compared to crop cultivation, though it is also riskier in that the return is also more variable (McCoy et al. 2010) Households that speak Vietnamese are slightly less likely to engage in aquaculture, perhaps reflecting the geographic pattern of this activity (with this activity for instance being relatively popular in the Northern Uplands as well as Long An). The results in the fourth and fifth columns of Table 11 add variables to the base specification. In the fourth column, natural shocks reduce the likelihood of having been engaged in aquaculture, given that they make this activity infeasible in a particular year, whereas past investment in aquaculture is of course positively associated with undertaking the activity. This is an activity requiring a significant degree of planning and investment. The main results here are relatively consistent across the different model specifications, including in relation to the variables added in the fourth and fifth columns.
These regression results are first estimates and focus only on contemporaneous correlations, and can only identify associations. They do though confirm several of the patterns already suggested in the descriptive analysis above. In the case of rice, those engaged in selling are generally those cultivating on a larger scale. Geographic factors are important in relation to both cash crops and aquaculture, which can reflect many factors including climatic conditions as well as potentially local policies. In general, there is a clear association between engagement in these commercial activities and being better off. But of course it is not possible to say anything about causality based on this; better off households may be better placed to be engaged in commercial activity (e.g. by having more land), but households may also become better off by being engaged in these activities. In reality both processes are probably at work.
Conclusions
This paper has presented an initial analysis of the extent of commercialization of agriculture in these 12 provinces of rural Viet Nam, focusing on the five waves of the VARHS panel. What is clear first is the continuing importance of agriculture in rural Viet Nam, and this remains true for households who may now earn more of their income from wages or other sources. Second, agriculture is increasingly commercialized in rural Viet Nam with rice sales being the main area of commercialization. The vast majority of rural households grow rice, of whom around half sell in any given year. There are variations in this by geography and wealth, but unsurprisingly those producing more and using more inputs are more likely to sell. However, the panel shows that not many households sell consistently from one year to another. Presumably the decision to sell reflects the scale of production in a given year and perhaps available opportunities. The exception to this is Long An where the activity is on a much larger scale, with households selling more and much more regularly compared to any other provinces.
Cash crop production and aquaculture are clearly also commercial activities undertaken by a nonnegligible minority of these surveyed households, although strong geographic patterns exist, in part reflecting the suitability of different locations for these activities. Unsurprisingly given its nature, usually involving tree crops, cash crop activity shows substantial persistence over time in the panel, but in aquaculture, there are many fluctuations from one year to another. This is potentially a high-return activity for households, but it is relatively labour-intensive and relatively risky. It may therefore be harder for households to guarantee a worthwhile return from this activity every year.
One thing that clearly emerges from this initial analysis of the data is a strong association between commercialization and wealth. There is very likely to be a two-way process of causality at work here. But it is almost certainly the case that increased commercialization of agricultural activities in rural Viet Nam has been an important contributor to the impressive rural poverty reduction the country has experienced.
There is much scope to analyse these questions in more depth in subsequent work, in particular exploiting more the panel features of the data set. This is expected to allow clearer conclusions to be drawn about the nature of the factors facilitating commercialization in agriculture in rural Viet Nam, including the ability to engage consistently in commercial activities over time. These issues will be addressed in more detail in future work. 
